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I.
Introduction With developments of power electronic equipments and nonlinear loads, the power quality has been deteriorating in distribution system. Numbers of technology options have been reported in order to solve power quality issues. The series hybrid filters have been evolved and extensively used in practice as a cost effective solution for the compensation of nonlinear loads [1] [2] . An important technology on AFs is the detecting method of harmonics to reduce the capacity of the energy storage components. Various control strategies have been proposed in recent publications for this type of active filters [3] - [7] . The control strategy presented in [3] is based on the calculation of the real part of the fundamental load current. This method needs many complicate calculations. In [4] and [5] , the authors use a modified phase-locked loop for extraction of the reference current. In both the previous methods, the computation involves various control parameters. Also, the dynamic performance of the compensator is slow. This is objectionable for fast-changing loads. In [6] , genetic algorithm and extended analysis optimization techniques were applied for switched capacitor active filters. This control strategy has a common drawback concerning the global stability of the closed-loop system. In [7] , it is necessary to know some parameters. This paper presents a new detection method for single phase active power filters that can practically be used for any compensation (Harmonic, reactive power and etc) by different single phase configurations as shunt or series. However its dynamic response is fast and it can be easily implemented practically. Effectiveness of proposed method is confirmed through simulation results.
II.
Compensation Strategy One key point for proper implementation of an APF is using a reliable method for current/voltage reference generation. Currently, there is a large variety of practical implementation supported by different theories (either in time or frequency domain). However, these methods have been described for three phase active filters. The proposed method here is based on transport delay. In the other words, the phase current in single phase system can be transported in one third of cycle. Consequently, the phase "b" current for the imaginary three phase system can be calculated from the current of single phase system (i.e. I a ) as follows:
In a balanced three phase system:
Based on equation (2) in a balanced system, the phase "c" current can easily be calculated as:
Now, there is an imaginary three phase system, and the reference voltage can be obtained using different transformation methods such as p-q, d-q, modified p-q, p-q-r, global, and vertical. It is noted that based on the proposed strategy the zero sequence component has no effect on transformation method because the transformation method needs only the fundamental component for reference voltage generation. Fig. 1 shows the control circuit of APF. The APF 
III. Harmonic Elimination and Reactive Power Compensation Using a Hybrid Series Active Filter (HSAF)
The active filters can be classified into pure active filters and hybrid active filters in terms of their circuit configuration. Most pure active filters as their power circuit can use either a voltage-source pulse width-modulated (PWM) converter equipped with a dc capacitor or a current-source PWM converter equipped with a dc inductor. At present, the voltagesource converter is more favorable than the current-source one in terms of cost, physical size, and efficiency. Hybrid active filters consist of single or multiple voltage-source PWM converters and passive components such as capacitors, inductors, and/or resistors. The hybrid filters are more attractive in harmonic filtering than the pure filters from both viability and economical points of view, particularly for highpower applications. However, single-phase active filters would attract much less attention than three-phase active filters because single-phase versions are limited to low-power applications except for electric traction or rolling stock [8] . Fig. 2 shows the configuration of the HSAF and nonlinear load proposed in this paper and, its parameters are given in Table 1 . The HSAF consists of a series active filter and two parallel single tuned passive filters in series with the active filter. Two passive filters are tuned in dominants harmonic frequencies of 3 and 5. The effectiveness of the proposed method in harmonic elimination and reactive power compensation is shown using HSAF for a nonlinear load. In the following sections, the control method, the design process and simulation results are given.
IV.
Control method A. Harmonic extraction
The d-q method is a useful control method here due to selected configuration for nonlinear load [9] . In d-q transformation method, the three phase quantities are transferred to synchronous reference frame at fundamental frequency by (4), as follows: 
B.
Dc capacitor voltage controller It was proposed a method by Akagi [8] to control dc voltage capacitor. Because active filter is along passive filter, an extra voltage reference should be added to q component. Fig. 1 shows the control method.
V.
Simulation results
A. Harmonic and reactive power extraction
In this section, the accuracy of proposed meth in harmonic extraction is demonstrated. Fig. 2 . System is simulated. Figs. 3 through 4 show harmonic extraction efficiency with this method at different conditions. Where is voltage source, is source current, is fundamental component of source current, is source harmonic current. Fig. 3 shows simulation results without reactive power compensation. Fig. 4 shows results with reactive power compensation. In order to represent response speed of proposed control method, a load same load in fig. 1 however with inductance -resistance at output was switched at 0.18 (s) as parallel with first load. Figs. 5 shows the results. As it shows, the response speed is less than 1 cycle.
B. Harmonic Elimination and Reactive power
Compensation by Hybrid series active filter A HSAF with the process presented above was simulated in MATLAB. In this simulation two single tuned passive filter were used with the parameters given in Table I . Rating of active filter is only 7 % of load power (2.2 kW). So, this configuration is an economical choice for high power application. 
VI.
Experimental System A. System Configuration A 220 V -2.2 kW laboratory prototype hybrid series active filter was implemented to verify the viability and accuracy of the proposed control method. Also, the parameters used in the manufactured system are given in Table II . It is noted that the passive filters utilized in this implementation are tuned to eliminate 5 th and 7 th harmonics. The dc bus voltage is 65 V, and the IGBT switch is employed in the active filter. The proposed control method was implemented using a digital signal processor (TMS320F2812 DSP). First, the DSP calculates reference voltage for the active filter; then, the calculated reference voltage is used to generate PWM gate signals for the IGBT switches while the modulation index is about 0.5.
B. Experimental Results Fig. 7 shows the experimental waveform of the power source current without any compensation. In this case, the THD of the power source current is calculated about 79.33%. In Fig. 8 the same current with passive filter is demonstrated with the THD of about 24.77 %. Fig. 9 shows the power source current with both the active and the passive filter. In this case the THD reduces to about 8 %. In Table IV the harmonic components of the power source current are given.
VII.
Conclusion A method for harmonic and reactive power extraction at single phase systems was proposed. It is applicable to all configurations of single phase active filters with a fast response. Simulation results were done for a single phase hybrid active filter that confirmed validity of this control method. Moreover, an experimental prototype was implemented to confirm validity of proposed method. 
